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PREFACE

The High-Speed Research Program sponsored the NASA High-Speed Research Program
Aerodynamic Performance Review on February 8-12, 1999 in Anaheim, California. The review
was designed to bring together NASA and industry High-Speed Civil Transport (HSCT)
Aerodynamic Performance technology development participants in areas of: Configuration
Aerodynamics (transonic and supersonic cruise drag prediction and minimization) and High-Lift.
The review objectives were to: (1) report the progress and status of HSCT aerodynamic
performance technology development; (2) disseminate this technology within the appropriate
technical communities; and (3) promote synergy among the scientist and engineers working HSCT
aerodynamics. The HSR AP Technical Review was held simultaneously with the annual review of
the following airframe technology areas: Materials and Structures, Environmental Impact, Flight
Deck, and Technology Integration. Thus, a fourth objective of the Review was to promote synergy
between the Aerodynamic Performance technology area and the other technology areas within the
airframe element of the HSR Program.

The work performed in the Configuration Aerodynamics (CA) element of the High-Speed
Research Program during 1998 was presented in the following sessions:

Propulsion Integration

Analysis Methods

Design Optimization

Testing
The work performed in the High Lift (HL) element of the High-Speed Research Program during
1998 was presented in the following sessions:

High-Lift Configuration Development
Tools and Methods Development

The proceedings for the Aerodynamic Performance Annual Review are published in three
volumes:

Volume I, Parts 1 and 2 Configuration Aerodynamics
Volume II, Parts 1 and 2 High Lift

AP Review Chairperson: David Hahne
NASA Langley Research Center
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Zipper Grids
Used for Force /a/nd Moment Inte
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Ref-H CFD Results

&ﬂﬂflﬂﬂ“

CFL3D Grid Generation
Upper Surface Grid For Wing/Body Flaps L30T10

HSCT High Lift Aerodynamics

(every other grid line shown for clarity)
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ASE Technologies, Inc.

Comparison of CFD Solutions with Test Data
for TCA High Lift Configurations

Xuetong Fan
ASE Technologies, Inc.

High Speed Research Program
Airframe Technical Review
Anaheim Marriott, Anaheim, California
February 9-12, 1999

This report documents the comparison between CFL3D solutions and wind
tunnel test data for TCA high lift wing/body and wing/body/nacelle
configurations.This work is completed under the direction of Roger Clark of
Boeing Long Beach. | hereby acknowledge the support and help from Roger
Clark, David Yeh, and Ryan Polito of Boeing Long Beach. '
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High Lift Technology Development (Task 33)
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In the High Lift Technology Development program (Task 33), this work
falls in the category of Navier-Stokes Methods under Analytical Methods.

804



A SE Technologies, Inc.

Objectives and Scope

¢ To better understand the aerodynamics of TCA high lift configurations
¢ To evaluate and document the results of comparison between
CFL3D solutions and wind tunnel test data
® To assess the capability of CFD methods in high lift applications
e Configurations:
— TCA High Lift W/B and W/B/N (partial span)
— Flap Settings: 0/0 and 30/10

e Test Data:

— Integrated Forces: TCA 3 Test
— Pressure Data: TCA 1 Test "

e CFL3D Solutions:
— W/B Solutions: AOA=10 and 12 degrees completed by Boeing
— W/B/N Solutions: AOA=10 and 12 degrees completed by ASE

The main objective of this work is to evaluate and document the comparison
between CFL3D solutions and wind tunnel test data for TCA high lift
configurations. Through this effort, we hope to obtain a better understanding
of the aerodynamics of TCA high lift configurations and a more accurate
assessment of the CFD capabilities.

The configurations we studied in this work include the baseline TCA wing/body
and wing/body/nacelle with partial-span leading edge flaps and flap settings
of 0/0 and 30/10. The CFL3D solutions were obtained at AOA=10 and 12
degrees. The integrated force data were from the TCA-3 test and the pressure
data were from TCA-1 test.
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A SE Technologies, Inc.

Outline

Part I: Comparison of Integrated Forces

e To compare values of C,_and Cp between CFL3D and Test Data
e To evaluate lift and drag increments due to nacelles

Part Il: Comparison of Pressure Distribution on Wing Surfaces
e To compare strength and locations of LE vortices between
CFL3D and test data
e To identify bad data points or pressure taps in test data

Part lll: Comparison of Change in Pressure Distribution
from Wing/Body to Wing/Body/Nacelle

e To evaluate the effect of nacelles on pressure distribution
e To compare changes in LE vortex locations between W/B and W/B/N

This report includes three parts. Part | compares the lift and drag coefficients
between CFL3D and test data with emphasis on the predicted and measured
lift and drag increments due to nacelles. Part Il compares the pressure
distribution on wing upper and lower surfaces between CFL3D and test data

to show the strength and locations of LE vortices. Part lll compares the change
in pressure distribution from wing/body to wing/body/nacelle on wing upper
surface. This comparison will reveal the effect of nacelles on the LE vortices.
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Part |
Comparison of Integrated Forces

Part | includes the comparison of integrated lift and drag forces.
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Lift and Drag Coefficients: TCA 0/0

c, AOA=10 Degrees AOA=12 Degrees
CFL3D Experiment CFL3D Experiment
w/B 0.3819 0.3749 0.4735 0.4560
W/B/N 0.4111 0.3711 0.4852 0.4500
W/B/N-W/B 0.0292 -0.0038 0.0117 -0.0060
Co AOA=10 Degrees AOA=12 Degrees
CFL3D Experiment CFL3D Experiment
wW/B 0.0581 0.0606 0.0890 0.0883
W/B/N 0.0645 0.0616 0.0935 0.0891
W/B/N-W/B 0.0064 0.0010 0.0045 0.0008

These two tables show the predicted and measured lift and drag coefficients
for TCA 0/0 W/B and W/B/N configurations at AOA=10 and 12 degrees.
Considerable differences in C| and Cp are found between the CFL3D predictio

and the wind tunnel measurements. In particular, the test data shows that C_
decreases due to nacelles whereas CFL3D predicts the opposite.
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Lift and Drag Coefficients: TCA 30/10

c, AOA=10 Degrees AOA=12 Degrees
CFL3D Experiment CFL3D Experiment
W/B 0.4424 0.4260 0.5283 0.4981
W/B/N 0.4635 0.4697 0.5486 0.5440
W/B/N-W/B 0.0211 0.0437 ~ 0.0203 0.0459
Cp AOA=10 Degrees AOA=12 Degrees
CFL3D Experiment CFL3D Experiment
W/B 0.0500 0.0505 0.0837 0.0686
W/B/N 0.0581 0.0602 0.0917 0.0867
W/B/N-W/B 0.0081 0.0097 0.0080 0.0181

These two tables show the predicted and measured lift and drag coefficients
for TCA 30/10 W/B and W/B/N configurations at AOA=10 and 12 degrees.
Again, considerable differences in C_ and Cp are found between the CFL3D

predictions and the wind tunnel measurements. In terms of nacelle effect,
both test data and CFL3D show an increase in C| due to nacelles.
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This figure shows the CFL3D data points on the lift curve from test data for
TCA 0/0 configurations.
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Integrated Force Comparison for TCA 0/0: C; vs. Cp

0.8 T T

+——+ WB 0/0 TEST
o--@ WB 0/0 CFL3D
s+ WBN 0/0 TEST
06 L == WBN 0/0 CFL3D

0.35 —
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0.10 0.20 0.30
CD

This figure shows the CFL3D data points on the drag polar plot from test data
for TCA 0/0 configurations.
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ASE Technologies, Inc.

Integrated Force Comparison for TCA 0/0: L/D vs. C_
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This figure shows the CFL3D data points on the L/D vs. C;_ curve from test
data for TCA 0/0 configurations.
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This figure shows the CFL3D data points on the lift curve from test data for
TCA 30/10 configurations.

813



il i

A SE Technologies, Inc.

Integrated Force Comparison for TCA 30/10: C vs. Cp
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This figure shows the CFL3D data points on the drag polar plot from test data

for TCA 30/10 configurations.
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This figure shows the CFL3D data points on the L/D vs. C, curve from test

data for TCA 30/10 configurations.
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A SE Technologies, Inc.

Summary: Comparison of Integrated Forces

e C, and Cp values predicted by CFL3D are close to test data,
but discrepancies exist

e CFL3D solutions and test data show inconsistent trend in lift
and drag increment due to nacelles

e Suggestions for future effort::

— Make more CFL3D runs to expand data base
— Investigate further into test data correction

In summary, The predicted lift and drag coefficients are close to test data
at certain points but discrepancies exist. In particular, CFL3D and test
data show a different trend in lift increment due to nacelles for TCA 0/0

- configurations.

For future effort, more CFL3D runs should be performed to expand the CFD
data base. In addition, the detailed corrections to the test data should be
documented to ensure consistent data comparison.
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Part Il
Comparison of Pressure Distribution on Wing Surfaces

Part Il includes the comparison of pressure disribution on wing upper and
lower surfaces. The comparison will be performed for the spanwise pressure
distribution on wing upper and lower surfaces between CFL3D solutions and
wind tunnel test data for TCA high lift configurations.
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A SE Technologies, Inc.

Wing Surface Pressure Distribution

TCA 0/0 W/B AOA=10 Degrees

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 0/0 wing/body configuration at AOA=10 degrees. The lines
show the streamwise and spanwise stations where the pressure taps are
located. The comparison of spanwise pressure distribution will be performed
at eight streamwise stations as shown.
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Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 0/0 W/B AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 0/0 wing/body configuration at AOA=10 degrees. Good
agreement is found between the CFL3D solution (shown in lines) and the test
data (shown in legends).
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Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 0/0 W/B AOA=10
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Both CFL3D and test data show two pressure peaks which represent two

separate LE vortices.
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Wing Surface Pressure Distribution

TCA 0/0 W/B AOA=12 Degrees

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 0/0 wing/body configuration at AOA=12 degrees.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 0/0 W/B AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 0/0 wing/body configuration at AOA=12 degrees. Good
agreement is found between the CFL3D solution and the test data.
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Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 0/0 W/B AOA=12 Degree
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These figures show the spanwise pressure distribution at the four downstream
stations for TCA 0/0 wing/body configuration at AOA=12 degrees. Good
agreement is found between the CFL3D solution and the test data. Again,

two pressure peaks represent the two separate vortices.
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Wing Surface Pressure Distribution

TCA 30/10 W/B AOA=10 Degrees

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 30/10 wing/body configuration at AOA=10 degrees.

824



ASE Technologies, Inc.

Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 30/10 W/B AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 30/10 wing/body configuration at AOA=10 degrees. Good
agreement is found between the CFL3D solution and the test data. At these

upstream stations, there is no apparent LE vortex.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 30/10 W/B AOA=10 Degrees

-25 - | -25
-15 - | 1 -15 © oo
S ) i@ . & h /KJ :
-05 - o Fee= -0.5 » LSt 2
Iy e anozoolf a
- < < P 4 F o 0 & 8 .
05 . . : . : , ! 0'5 ] X | IR St ,J: .
0 100 200 300 400 500 0 100 200 300 400 500 600
Z (inches) Z (inches)
-2.5 T -2.5 .
-1.5 - ‘ R -1.5 r ‘ °F
Q L P Q fo
S ! s S J
-0.5 - _—:w‘;c/:c—::c}‘ty B —0.5 F ~ 5a\ﬂﬁ/g/o‘ 4
. L {—% Y,
T \;/—\;———-L;\-_’;{ e
0.5 T 0.5 — T
0 200 400 600 800 0 200 400 600 800
Z (inches) Z (inches)

These figures show the spanwise pressure distribution at the four downstream
stations for TCA 30/10 wing/body configuration at AOA=10 degrees. Good
agreement is found between the CFL3D solution and the test data. In particular,
the CFL3D solution and the test data picked up the same pressure peak in

the outboard wing section.
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Wing Surface Pressure Distribution

TCA 30/10 W/B AOA=12 Degrees

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 30/10 wing/body configuration at AOA=12 degrees.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 30/10 W/B AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 30/10 wing/body configuration at AOA=12 degrees. Good
agreement is found between the CFL3D solution and the test data. There
appears to be a vortex formation off the leading edge.
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Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 30/10 W/B AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four downstream
stations for TCA 30/10 wing/body configuration at AOA=12 degrees. The CFL3D
solution indicates that the LE vortex remains attached to the wing upper surface
whereas the test data does not contain the pressure peak. Otherwise, good
agreement is found between the CFL3D solution and the test data.
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Wing Surface Pressure Distribution

TCA 0/0 W/B/N AOA=10 Degrees

(Lines show pressure tap stations)

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees.

It appears that the two vortices off the leading edge merged into one in the
outboard region.
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Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 0/0 W/B/N AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees.
Good agreement is found between the CFL3D solution and the test data.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 0/0 W/B/N AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four downstream
stations for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees.

The two distinct pressure peaks in the test data show that the two LE vortices
remain separate. However, there is only one peak in the CFL3D solution
which indicate the merging of the two LE vortices
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Wing Surface Pressure Distribution
TCA 0/0 W/B/N AOA=12 Degrees

(Lines show pressure tap stations)

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees.
Unlike the case at AOA=10 degrees, It is clear from the pressure distribution
that the two LE vortices remain separate in the CFL3D solution.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 0/0 W/B/N AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees.
Good agreement is found between the CFL3D solution and the test data.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 0/0 W/B/N AOA=12 Degrees

-2.5 —— . , ] -2.5 ———
15 - | —f -15 L _. T
Q |_ { o L ¢¢;\ .
(&) ] ; %,«‘, ' o . 8%
-05 - b e o -0.5 - /s
PP ¥ S ; ’ ssosbee® +
0-5 . . L : L I | 0.5 L 1 . 1 ! - i
0 100 200 300 400 500 0 100 200 300 400 500 600
Z (inches) Z (inches)
-25 —— T l =25 T
-1.5 ~ i —: -1.5 - i 7
o B e 1 o I |
(@] 4\ ~ n O
05 - iR | 05 - “@‘*" i
0.5 : 0.5
0 200 400 600 800 0 200 400 600 800
Z (inches) Z (inches)

These figures show the spanwise pressure distribution at the four downstream
stations for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees.

As in the test data, two pressure peaks are found in the CFL3D solution which
indicate the separate LE vortices in the flow.
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Wing Surface Pressure Distribution

TCA 30/10 W/B/N AOA=10 Degrees

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 30/10 W/B/N AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees.
Good agreement is found between the CFL3D solution and the test data. At
these upstream stations, there is no apparent formation of a strong LE vortex.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
TCA 30/10 W/B/N AOA=10 Degrees
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These figures show the spanwise pressure distribution at the four downstream
stations for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees.
Good agreement is found between the CFL3D solution and the test data.

838



A SE Technologies, Inc.

Wing Surface Pressure Distribution

TCA 30/10 W/B/N AOA=12 Degrees

(Lines show pressure tap stations) : :

2B

This figure shows the predicted pressure distribution on wing upper and lower
surfaces for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees.
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Spanwise Pressure Distribution: CFL3D vs. Test Data
' TCA 30/10 W/B/N AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four upstream
stations for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees.
Good agreement is found between the CFL3D solution and the test data.
There appears to be a vortex formation off the leading edge.

840



A SE Technologies, Inc.

Spanwise Pressure Distribution: CFL3D vs. Test Data

TCA 30/10 W/B/N AOA=12 Degrees
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These figures show the spanwise pressure distribution at the four downstream
stations for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees.

The CFL3D solution indicates that the LE vortex remains attached to the wing
upper surface whereas the test data does not contain an apparent pressure peak.
Otherwise, good agreement is found between the CFL3D solution and the test data.
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Summary: Comparison of Pressure Distribution

e CFL3D solutions and test data show similar overall trend in
pressure distribution on wing upper and lower surfaces

e Discrepancies exist in the location and strength of leading
edge vortices between CFL3D solutions and test data

e Tested configurations are slightly different from CFD models
which may explain some of the discrepancies
— Chines and vertical tails in tested configurations
— Effect of post and walls in wind tunnel on pressure data

In summary, CFL3D solutions and the test data for TCA W/B and W/B/N
configurations agree fairly well in the pressure distributions on wing upper
and lower surfaces. In a few cases, e.g., TCA 0/0 W/B/N at AOA=10 degrees
and TCA 30/10 W/B and W/B/N at AOA=12 degrees, some discrepancies
exist in following the LE vortices.
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Part llI
Comparison of Change in Pressure Distribution
from Wing/Body to Wing/Body/Nacelle

To better understand the findings in the pressure distribution comparison,
we computed the difference in pressure coefficient between wing/body

and wing/body/nacelle configurations and present the delta~Cp comparison
in this section. The focus is on the vortex behavior off wing upper surface
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Difference in Pressure Distribution
on Wing Surface (WBN-WB)
TCA 0/0 AOA=10 Degrees

(Lines show pressure tap stations)

This figure shows the contours of Delta-Cp between TCA 0/0 W/B and W/B/N
configurations on wing upper and lower surfaces, as predicted by CFL3D
solutions at AOA=10 degrees. The behavior on the wing lower surface is very
much as expected. On the wing upper surface, the positive and negative peaks
indicate an outboard shift in vortex location due to nacelles.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 0/0 AOA=10 Degrees
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However, the test data show little change in pressure distribution from W/B
to W/B/N on wing upper surface. The above figures show the Delta-Cp plots
for the four upstream stations.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 0/0 AOA=10 Degrees
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Similar discrepancies in the Delta-Cp comparison between CFL3D and test
data in the Delta—Cp plots for the four downstream stations. It is noted that

this is the only case (TCA 0/0 AOA=10 degrees) that such major discrepancies
exist. Good agreement is found for all other cases as will be seen in the
remainder of this section. Based on the discussion with high lift team members,
for the case of TCA 0/0 AOA=10 degrees, itis difficult to capture the leading
edge vortices using CFL3D without tuning the Baldwin—Lomax turbulence

models.
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Difference in Pressure Distribution
on Wing Surface (WBN-WB)
TCA 0/0 AOA=12 Degrees

(Lines show pressure tap stations)

This figure shows the contours of Delta~Cp between TCA 0/0 W/B and W/B/N
configurations on wing upper and lower surfaces, as predicted by CFL3D
solutions at AOA=12 degrees. There is very little change from W/B to W/B/N
in the pressure distribution on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 0/0 AOA=12 Degrees

—1.0 ' T T T T ; —1.0 [_’-7I 1 7
o _ 0 P ]
3‘ -05 - §| -0.5 F ' -
Z o0l e 1 B 00 | ]
= NS i = ‘—“_”/'/\L/z _
g 0.5 - > 3 0.5 .
3 | 3 -
1.0 ————— 1.0 — S
50 100 150 200 50 100 150 200 250
Z (inches) Z (inches)
—1 .0 {—_ . g T T - "‘1 .O 7 T T T T ¥ T
8] ™ om Lo
§| -0.5 - T Bl -0.5 8
& 00} Pl B 0.0 —soeema o o A
. —_———T oo 2R — . 153 o SRATE
= 3 |
& o5+ 1 & o05¢ -
< ; : < 1
1.0 ¢ . . 10 i il . L
50 150 250 350 50 150 250 350 450
Z (inches) Z (inches)

At the four upstream stations, CFL3D solution agrees well with the test data
in the Delta—Cp comparison on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 0/0 AOA=12 Degrees
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Similar agreement is found in the Delta-Cp comparison at the four downstream
stations on wing upper surface between CFL3D solution and test data.
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Difference in Pressure Distribution
on Wing Surface (WBN-WB)
TCA 30/10 AOA=10 Degrees

(Lines show pressure tap stations)

This figure shows the contours of Delta-Cp between TCA 30/10 W/B and
W/B/N configurations on wing upper and lower surfaces, as predicted by
CFL3D solutions at AOA=10 degrees. There is very little change from W/B
to W/B/N in the pressure distribution on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 30/10 AOA=10 Degrees
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At the four upstream stations, CFL3D solution agrees well with the test data
in the Delta—Cp comparison on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 30/10 AOA=10 Degrees
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Similar agreement is found in the Delta—Cp comparison at the four downstream
stations on wing upper surface between CFL3D solution and test data.
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Difference in Pressure Distribution
on Wing Surface (WBN-WB)
TCA 30/10 AOA=12 Degrees

(Lines show pressure tap stations)

This figure shows the contours of Delta-Cp between TCA 30/10 W/B and
W/B/N configurations on wing upper and lower surfaces, as predicted by
CFL3D solutions at AOA=12 degrees. There is very little change from W/B
to W/B/N in the pressure distribution on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)

CFL3D vs. Test Data; TCA 30/10 AOA=12 Degrees
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At the four upstream stations, CFL3D solution agrees well with the test data
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in the Delta-Cp comparison on wing upper surface.
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Difference in Spanwise Pressure Distribution (WBN-WB)
CFL3D vs. Test Data; TCA 30/10 AOA=12 Degrees
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Similar agreement is found in the Delta—Cp comparison at the four downstream
stations on wing upper surface between CFL3D solution and test data.
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Summary: Comparison of Change in Pressure Distribution
from Wing/Body to Wing/Body/Nacelle

e Test data show little or no change in the strength and location
of leading edge vortices between W/B and W/B/N

e For TCA 30/10 W/B and W/B/N configurations, CFL3D solutions
agree well with test data in this comparison

e For TCA 0/0 W/B and W/B/N configurations:
— At AOA=12 degrees, CFL3D results agree with test data

— At AOA=10 degrees, CFL3D shows an outboard shift
in vortex location from W/B to W/B/N.

e CFL3D solutions for TCA 0/0 W/B and W/B/N at AOA=10 degrees
were updated and similar results were obtained from the comparison

In summary, we completed the comparison of change in pressure distribution
from wing/body to wing/body/nacelle configurations on wing upper surface
between CFL3D solutions and the test data. The test data show very little
change in the pressure distribution on the wing upper surface due to nacelles.
And the CFL3D solutions agree well with the test data except in the case of
TCA 0/0 at AOA=10 degrees. Further investigation into the CFL3D solution

for TCA 0/0 wing/body/nacelle configurations at AOA=10 degrees is warranted
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H Model Test Set-Up

In the 7x10 Tunnel at Ames

2.2% Reference
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